Dengue fever is a disease of great public health importance in tropical and subtropical countries where the social and environmental conditions favor the development and proliferation of its main vector, the Aedes aegypti mosquito 1 . Dengue fever is the most important human arboviral disease globally 2 . The preparedness of health services to properly care for patients suspected to have dengue fever, thereby avoiding deaths, is as important as avoiding transmission of the virus itself 3 . Although climatic conditions affect the proliferation of Aedes aegypti mosquitoes, the conditions facilitating the permanence and circulation of the vector are strongly associated with how urban spaces are organized, the increase in non-organic waste generation, and the population's way of living 4 . Usually, research about disease epidemiology does not consider intraurban inequalities. Public health surveillance systems, following the same pattern, either do not use or underuse spatial analysis to investigate the dynamics of unequal urban spaces. In order to assess the effect of intra-urban inequality on dengue deaths, it is necessary to consider the macro and micro determinants of the transmission of the dengue virus. Macro determinants are social and environmental factors such as latitude, altitude, climate, vegetation, population density, type of housing, and population flow. Micro determinants are those associated with the host, agent, and disease vector; they include factors such as host immunity, age, sex, and comorbidities 3 . Taking into account the social and environmental determinants of dengue fever, this study aimed to perform a spatial-temporal analysis of dengue deaths in São Luis. This research comprises a descriptive study on dengue deaths and an ecological study on the geographic distribution dengue deaths, whose unit of analysis was a census tract. A systemic and multi-causal approach was used.
Data on dengue deaths were obtained from the National Mandatory Reporting System (SINAN) and the Mortality Information System (SIM) at the Municipal Dengue Control Program of São Luis (PMCD). All confirmed dengue deaths from 2002 to 2013 occurring in persons whose place of residence was the municipality of São Luis, were included. An epidemiological surveillance team from the PMCD conducted an investigation in the households of all deaths in which dengue fever was suspected.
Several social and environmental variables were obtained from the Instituto Brasileiro de Geografia e Estatística (IBGE) database 5 Case-fatality rate of severe cases and sociodemographic characteristics of dengue deaths, stratified by age.
public waste removal or surrounding waste collection, and subnormal agglomerations. Fieldwork was conducted with the purpose of assessing the location of areas with a high concentration of deaths by means of on-site observation and obtaining photographic documentation to allow a qualitative analysis of the social and environmental data obtained from IBGE. Furthermore, using the global positioning system GARMIN® eTrex 10 device (Garmin Ltd.), the geographic coordinates of the areas surrounding the households that reported deaths were obtained. The geographic information systems, Google Earth Pro and ArcGis 10.2, and Microsoft Excel were used for computation of the geographic data. We evaluated the overlap of georeferenced points of deaths with the social and environmental data from the census tracts, as well as with data from the seven sanitary districts administratively defined by the Municipal Health Authority of São Luis (SEMUS). For the spatial-temporal analysis, the census tract of the municipality of São Luis was used as a geographic division. According to the territorial division of IBGE 5 , the municipality possessed 1,126 tracts.
In order to better understand the dynamics of the disease on the macro-spatial analysis scale, six areas within the urban perimeter of São Luis -those with the highest number of deaths -were chosen for on-site investigation The spatial representations were drawn on six maps, as shown in Figures  1A, 1B , 1C, 1D, 1F and 1F. Dengue deaths per sanitary district and photographic register of the surrounding areas. Red dots represent deaths and yellow dots represent the visited areas where photographic documentation was obtained ( Figure 1A) . Dengue deaths per subnormal agglomeration. A subnormal agglomeration was defined as a set of ≥ 51 habitational units characterized by the absence of a property title and at least one of the following: irregularity of roads, size, and shape of allotments, and/or lacking essential public services such as waste collection, a sewage system, a water network, electric power, and street lighting 5 (Figure 1B) . Dengue deaths by population density (Figure 1C) . Dengue deaths per total income of the household head ( Figure 1D) . Dengue deaths per habitational units lacking waste collection (absolute number of households) ( Figure 1E ) and dengue deaths per habitational units lacking a sewage system (absolute number of households) ( Figure 1F) .
All 74 confirmed dengue deaths in São Luis in the period under consideration were included. The case-fatality rate of severe cases varied from zero to 35%. Most deaths occurred in women (58.1%) and persons of mixed ethnicity (85.1%). The sanitary district with the highest proportion of deaths (29.7%) was Tirirical ( Table 1) .
The median duration of disease in those aged <15 years and ≥15 years was 4 and 5 days, respectively. Hemorrhagic manifestations were more common in those aged <15 years (86.5%), especially petechiae (51.4%); however, gastrointestinal bleeding was more frequent in patients aged ≥15 years (51.4%). Regarding plasma leak criteria, cavity effusion occurred frequently in both age groups (73.3%). In terms of the final classification, dengue fever with complications predominated (77%) ( The results of the spatial-temporal representations, sanitary districts, and distribution of deaths during the study period are highlighted on Figure 1A . Figure 1B displays the superimposition of social vulnerability and concentration of dengue deaths. Figure 1C demonstrates the overlap between the concentration of deaths and the concentration of population data; however, there were areas with high and with low population density overlapping with the geo-referenced data, indicating that other variables (apart from the demographic values) affect mortality. Figure 1D shows the superimposition of georeferenced data and low income of the head of the household. There were no dengue deaths in the northern areas of the municipality, which comprise the census tracts with the highest income levels. Figure 1E demonstrates overlap between areas with poor waste collection and dengue deaths. It also shows that all neighborhoods and/or census tracts present some degree of precariousness of the waste collection system, demonstrating that the entire municipality is subject to this vulnerability. Clinical and laboratory characteristics of dengue deaths, stratified by age.
SD: standard deviation. Figure 1F identifies that every neighborhood has some degree of shortcoming of the public sewage system, demonstrating that the municipality still lacks basic sanitary infrastructure. The on-site investigation revealed housing units arranged along narrow streets, resulting in shaded areas that prevent evaporation and promote high humidity and milder temperatures favorable to the life cycle of Aedes aegypti; roofs that favor semi-permanent water accumulation; and the accumulation of waste both in the open and alongside and within streams that serve to drain rainwater and sewage.
Death is an avoidable outcome of dengue fever 6 . According to the World Health Organization 7 , the acceptable dengue casefatality rate is <1%. However, in this study, high case-fatality rates were found. This might be explained by the underreporting of severe cases. The case-fatality rate for patients with severe dengue points to the quality of attention to health in these cases and how health services organize themselves to provide care 8 . There were deaths among all age groups, including those in the extremes of age. We observed a higher proportion of deaths in those <15 years old in 2007, corresponding to the findings of Farias 9 in Rio de Janeiro during this same period. The disease duration was very short, matching the period of increased severity of dengue, from day 3 to 5 of the disease course, as widely reported 3 . These data reinforce the need for early clinical suspicion and resultant adequate and timely clinical management to avoid deaths. On the other hand, Farias 9 determined that the survival rate was not related to early or late hospitalization, raising questions on the effect of disease severity at the moment of admission if no treatment is available or if the hospital medical service is inefficient. Regarding ethnicity, there was a preponderance of deaths among persons of mixed ethnicity, a demographic more predominant in the state's population 10 .
Hemorrhagic manifestations, particularly petechiae, were more frequent in those aged <15 years. However, gastrointestinal bleeding was more prevalent in those aged ≥15 years. Bleeding indicates a worsening prognosis, especially from day 3 to 5 of the disease, during defervescence 3 . In terms of plasma leak criteria, there was a high prevalence of cavity effusion in both age groups. Escosteguy et al. 11 and Brito et al. 12 found cavity effusions in 62.2% of children and in 64% of adults with severe dengue fever.
Most deaths were classified as being due to dengue fever with complications. It should be noted deaths occurring in patients who did not meet the criteria for dengue hemorrhagic fever were classified as deaths due to dengue fever with complications, in accordance with the Health Ministry's recommendation 1 . Additionally, it is important to emphasize the difficulty in confirming cases of dengue hemorrhagic fever because complementary tests, such as hematocrit and platelet count, are required. Although a high proportion of patients in both age groups were diagnosed on laboratory criteria, this proportion was below that recommended by the Health Ministry, namely, laboratory confirmation in 100% of deaths. However, lack of confirmation of infection by dengue virus is not a deterrent for treatment.
Laboratory specimens, especially from critically patients, should be obtained by health units to confirm or exclude dengue 1 . Several hypotheses could be considered for the absence of laboratory confirmation, including health professionals not following the recommendation of collecting and storing serum from critically ill patients, despite national 1 and municipal 13 directives; difficulty collecting samples from patients in hypovolemic shock; and a lack of operational and logistic structures for storage and transportation of clinical specimens.
In our study, the most prevalent serotype was DENV-2, which is apparently associated with the most severe cases of dengue. The circulation of serotype DENV-2 in Rio de Janeiro in 2008 was also associated with an increased incidence of severe dengue and an increased case-fatality rate 11 .
According to Pereira 14 , the geographical area is pivotal to epidemiological action. It indicates the risks to which the population is exposed, allows the spread of diseases to be tracked, provides evidence for causal explanations, defines the priorities of intervention, and evaluates aspects of intervention. In this study, the use of geospatial tools, along with the qualitative analysis conducted on-site, contributed to demonstration of the close relationship between areas of social and environmental vulnerability and dengue deaths in the municipality of São Luis: The worst environmental conditions presented higher concentrations of dengue deaths. In these areas, the level of income is low and basic sanitary conditions are precarious; creating a situation that favors the distribution and dispersion of the Aedes aegypti mosquito. The distribution of the disease indicates exposure of the entire population living in areas of high risk of dengue transmission 15 . This study revealed that deaths were concentrated in the most vulnerable environmental areas, those with a higher degree of exposure to vector.
In conclusion, assessment of dengue morbidity and casefatality rate cannot be achieved in a unilateral and simplistic manner, considering only the affected person. The environment, an integrated system formed by a set of tangible and intangible elements that can provide conditions conducive to the occurrence of dengue death, must also be considered.
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